time the radioactivity due to the orar dose had virtually disappeared. Following administration of radioisotope by either route, the animal was subjected to whole-body counting at 5 and 12 hours after dosing and then at daily intervals for 15 days.
Due to redistribution of radioisotope during the first 12 hours after dosing, minor variations in count rate occurred which resulted in sometimes the 5 hour and sometimes the 12 hour count indicating the higher apparent retention. The higher measurement was then taken to indicate 100 % retention of radioisotope and all subsequent whole-body counts were related to this figure.
The whole-body retention curves obtained were then subjected to a mathematical deconvolution process using the gut absorption-resecretion model derived by Sansom (1972) . This model is based on two assumptions: (1) That the quantity of isotope absorbed during any day is proportional to the amount of isotope present in the gut on the previous day. (2) That the absorbed isotope is available for resecretion at the same rate as that which has been administered intravenously. Fig 1 shows the whole-body retention curves of 54.Mn in two cows after oral and intravenous administration. Net retentions at 13 days derived from the oral dose retention curves are 0.39 % in Cow 1 and 0.14% in Cow 2. However, the calculated absorption coefficient in Cow I is less than in Cow 2 and the absorption of 54Mn during 13 days is 0.36% and 0.57% respectively. The retention curves of the orally administered 54Mn are thus misleading if used as a measure of relative absorption rates in the two cows. The low estimate of absorption in Cow 1 is due to a higher rate of endogenous secretion and faster rate of passage of radioisotope through the gastrointestinal tract. The use of the gut absorption-resecretion model provides a more reliable estimate of relative absorption rates because it makes a quantitative allowance for the effects of variations in endogenous secretion rate and rate of passage of food through the gut.
In Table I the results obtained for retention of orally administered 54Mn by whole-body counting are compared with those obtained by the conventional radioisotope balance method. The results show that there is good agreement for the first two days after dosing, but that subsequently the balance method increasingly oVerestimates retention. It was this overestimate that previously led to the belief that absorption of manganese was of the order of 5 % of dietary content. Zinc metalloenzymes are of basic importance to many intracellular biochemical mechanisms; in particular they regulate various stages of protein and nucleic acid synthesis.
Modern analytical methods, such as atomic absorption spectrophotometry (AAS) and studies with radioactive 6f5Zn, have allowed widespread study of zinc metabolism in human health and disease, and much is now known of the role of zinc in human medicine (Halsted et al. 1974 , Fell 1975 , Lancet 1973 , 1975 .
Causes ofHuman Zinc Deficiency
Failure of zinc supply: Absolute dietary zinc insufficiency is not likely since zinc occurs in most foodstuffs. However, the reduced bio-availability Section ofMeasurement in Medicine of zinc in cereal diets can lead to frank zinc deficiency (Lancet 1973) . Malabsorption of zinc can also be a feature of gastrointestinal disease and recently an inborn error of metabolism which affects the intestinal absorption of zinc has been postulated (Lancet 1975) .
Insufficient zinc may be present in synthetic amino acid mixtures used both orally and intravenously, and therefore supplementation with zinc and other essential elements is necessary when using these products to avoid adverse nutritional effects. Increased losses ofzinc: Since zinc is present in all biological fluids, loss of blood, gastrointestinal fluid, sweat, wound exudate, fices and urine can result in zinc deficiency, if adequate replacement is not given. The metabolic response to injury, and accompanying tissue catabolism, results in an increased excretion in zinc in the urine (Cuthbertson et al. 1972) , and this increase is in direct proportion to the severity of the original injury (Davies & Fell 1974 ). Effects of disease: Disturbances of zinc metabolism are known to occur during infection, and in diseases such as alcoholic cirrhosis, pancreatitis and diabetes. Alterations in plasma zinc and increased urinary zinc excretion occur in these and other conditions and may result in an induced zinc deficiency secondary to the original disease process.
Effects of drugs and intravenious fluids: Steroid therapy has a marked effect on zinc metabolism, lowering plasma zinc levels and increasing urinary zinc output. Other drugs, such as penicillamine, EDTA, ethambutol and certain antibiotics are able to form stable zinc chelates which are excreted in urine. Certain combinations of amino acids and reducing sugars used in intravenous nutrition are also able to form zinc complexes, possibly as amine-sugars and this results in zincuria (Freeman et al. 1975) .
Clinical Presentation ofZinc Deficiency
Growth and Development: The biological consequence of zinc deficiency in plants, animals and man is a failure of normal growth and development (Underwood 1971) .
A complex syndroMe of dwarfism, hypogonadism, hepatosplenamegaly and anamia is described in Middle Eastern populations. This is largely caused by failure of absorption of zinc due to a high phytic acid content in the cereal diet. The clinical effects are specifically reversed by oral zinc therapy (Lancet 1973) . Zinc-deficient children show a reduced growth rate (Clayton 1973 ) and population surveys (Hambidge et al. 1972) suggest that children below the tenth percentile for growth have some signs of marginal zinc deficiency.
Skin and hair: Development of dermatitis and hair loss is a consistent feature of acute zinc deficiency. This occurs in children with acrodermatitis enteropathica and in adults given prolonged intravenous nutrition which has insufficient zinc. Such skin and hair changes are specifically reversible by oral zinc therapy. Loss of taste and smell sensation: It is suggested that in more marginal zinc deficiency, early stages can be detected clinically by objective tests of the senses of taste and smell (Henkin 1971) . Wound healing: A matter of some debate is the possible influence that zinc deficiency has upon wound healing (Lancet 1975) . Oral zinc therapy can increase the rate of wound healing in some patients but the effect appears to be unpredictable.
Laboratory Diagnostic Procedures
Metabolic balance studies: Although there are considerable technical problems, zinc metabolic balance studies are possible. Demonstration of a negative balance gives evidence of the increased need for zinc supply. Radioisotope 65Zn: Alterations in 6f5Zn uptake, turnover and excretion can be demonstrated in severe zinc deficiency. By the use of whole-body counters, a direct measurement of whole-body zinc content is now possible by isotope dilution. However, some three to six months are needed for full equilibration of isotope. Estimation of intracellular zinc: Since some 98 % of all the zinc in the body is inside cells, direct measurement of intracellular zinc has been attempted. While assays of erythrocyte zinc and white cell zinc are possible they are not, so far, of routine value due to difficulties of adequate sampling procedures, contamination with zinc and interpretation of results. Similarly, although measurement of zinc in samples of skin, hair and nails is possible and has been advocated, these are not yet widely employed. Plasma zinc estimation: The measurement of plasma zinc concentration by AAS is now the most commonly used laboratory test. In severe deficiency, the total plasma zinc is low, but it is probable that clinical signs will not be observed until the plasma level is less than half normal, i.e. about 7 Kmol/l or less (normal range 14-18 )umol Zn/I). Plasma zinc is not a sensitive index of marginal zinc deficiency; for example, the values remain within normal limits during the chronic zinc losses of therapeutic starvation. Furthermore, numerous nonspecific factors such as infection, various diseases, drugs and the effects of diet will all lower the total plasma zinc to some degree. By estimation of the various transport fractions of zinc in plasma (albumin-bound zinc and associated low molecular weight complexes of zinc) it is 475 may be possible to detect the early stages of developing zinc deficiency (Burns & Fell 1976 ). Biochemical effects: The activity of various zinc metalloenzymes in plasma, such as alkaline phosphatase, does show a reduction in acute zinc deficiency. However, little change is found in more marginal states.
Defective protein synthesis can be demonstrated in the zinc-deficient animal, and in acute loss following surgery a previously resistant hypoproteinwmia responded to intravenous zinc therapy (Fodor et al. 1972) . In vitamin-A-resistant night-blindness, observed in alcoholic chronic cirrhosis, there has been a suggestion that there is a reduced liver synthesis of retinol-binding protein and a reduction in retinine reductase activity, both zinc-dependent processes, and affected by the zinc deficiency induced by the urine losses in this disease (Halsted et al. 1974 ).
Zinc Therapy
As described above, various common clinical circumstances could combine to induce a degree of zinc deficiency. Replacement zinc therapy can be given orally or intravenously as zinc sulphate, and some guidance as to the amount of zinc required can be obtained from measurement of the known total losses. Furthermore, estimation of the appropriate zinc fractions in plasma may in future be of value. Although few serious long-term toxic effects have been described during the use of zinc therapy, there is room for the development of additional zinc pharmaceuticals in order to reduce the incidence of gastrointestinal upset reported during oral zinc sulphate therapy, and certainly further study is needed of suitable preparations for intravenous use.
Miss S K MacFarlane (Clinical Pathology Unit, Whittington Hospital, London N19)
Measurement of Trace Elements in Urine
For the investigation of trace element excretion the conventional 24-hour collection of urine has many drawbacks and limitations. Many of these elements are ubiquitous in the environment and there is a real risk of contamination at some stage of the collection. Pooled 24-hour urines, moreover, are cumbersome, and many prove to be incomplete. We therefore prefer an alternative approach based on 24-hour series of aliquots.
The subject is asked to collect a sample of each urine passed during a 24-hour period. The sample can be as little as 10 ml and is passed directly into a small plastic universal container. This virtually eliminates any risk of contamination; and, since several small bottles can easily be carried around during a normal working day, the inconvenience of pooling large specimens is removed. Two measurements are then performed on each aliquot: the osmolality and the trace element concentration.
The objection to using random urines in looking at urinary constituents has always been that no account is taken of the degree of dilution of the specimen. Consequently the normal range becomes so wide that it loses all diagnostic significance. Measuring the osmolality of each specimen largely overcomes this difficulty. The measurement is quick, simple and accurate; and by relating the trace element concentration to osmolality, the normal range is narrowed to within reasonable limits. The procedure is illustrated in Fig I A, B , C. First, the trace element concentration of each urine of a single 24-hour series of samples is plotted against the osmolality (Fig IA) . Each point represents one aliquot of urine plotted in order of increasing osmolality, not chronologically. In Fig 1B' three separate 24hour series have been plotted in this way, joining the points to differentiate between individual series. After plotting the 24-hour series of about 50 control subjects it is possible to define a normal range which will include at least 95% of normal points. This is shown in Fig Ic. No attempt has been made to interpret the shape of the normal 'area', but the irregular wedge-shape is typical of most trace elements. Fig 2A, B demonstrates how abnormal excretion patterns are detected. The 24-hour series from a patient with a suspected abnormality is plotted in the way outlined and superimposed on the normal range. Abnormalities can show up in two ways. Fig 2A shows a 24 -hour series with most of the points falling above the normal range area. This
